As part of a more detailed study on plant tumoigenesis, the acti of gibberellic acid (GAs) in wounded potato tuber tissues as a model system has been evaluated. GA, stimulates total RNA synthesis in wounded tissues, the optimal concentration being 0.1 micromolar. The responsiveness of the tissue toward the hormone develops with time after wounding.
rRNA and 5S RNA. This fraction contains presumptive mRNA.
The hormone, then, is somebow recognized by wounded potato tissue in a time-specific war, the sigal is transferd to the genome and triggers the synthesis of varous RNA species.
Tumor induction in plants starts with the attachment of virulent Agrobacterum tumefaciens cells to distinct sites of cellulose walls of a dicotyledon host, which have been exposed by wounding (25) . Following this attachment, part of a large plasmid, probably generated by bacterial restriction endonucleases (28) , is transferred to the host cell and readily integrated into the host cell's genome (7, 30) . This process can only proceed if the cell is in a conditioned state, i.e. in a phase of activated wound response. It is obvious that the activated state of the host's genome is exploited by the oncogene(s): they probably use host polymerases for their own transcription (11) and the host ribosomal machinery for the production of tumor-specific proteins. So the molecular biology of the conditioned cell has to be explored for a better understanding of plant tumorigenesis.
As a highly suited model system, wounded plant storage organs such as potato tubers have been used in the past. Incubation of wounded tissues in a moist atmosphere leads to the rapid activation of most metabolic pathways (18, 19, 34) , the activation including respiration (1, 9, 36) , induction of various enzymes (18) (19) (20) 33) , and enhancement of RNA and protein synthesis (16, 17, 21) .
Freshly excised tissues ofpotato tubers (16) , Jerusalem artichoke tubers (32) , sugar beet (37), or carrot roots (24) contain ribosomes ' This work was supported by the Alexander von Humboldt Foundation (Bad Godesberg, Germany) and the Deutsche Forschungsgemeinschaft (Grant Ka 332/4). largely in the monomer population. Leaver and Key (24) reported that the level of polyribosome formation in wounded carrot tissues depended on previous RNA synthesis. Rapid formation of polysomes was observed in slices of sugar beet (37) and during activation of artichoke tuber cells (5, 32) , and was correlated with protein synthesis (2, 17, 20) .
Despite many experiments the molecular mechanism of this induction phenomenon is by no means clear. However, it becomes more and more likely that plant growth-regulating substances play a role in all of these reactions. Actually, there is a rapid synthesis or activation of phytohormones of different kinds after wounding (4, 27) . Gibberellins occur naturally in potato tubers (3, 31) and represent inducers of many biochemical changes (8) .
It has been shown in a variety ofplant systems that GA3 induces RNA synthesis (13, 14, 22, 40, 41) , polyribosome formation (12, 38) , and increases in activity of various enzymes (35) . We were interested in determining whether or not plant hormones are involved in the wounding phenomenon. Here, we report that wounded potato tuber tissue responds to GA3 with a significant enhancement of RNA synthesis and polyribosome formation.
MATERIALS AND METHODS Plant Material. Potato tubers (Solanum tuberosum, cv. "Saskia") prestored at 4 C, were transferred to 20 C 3 to 5 days before use. Sterile slices (1-2 mm thick) were incubated at 25 C in the dark in sterile medium containing 10 mM Na-phosphate buffer (pH 6.5), 25 pM streptomycin, 0.01 mM penicillin G, and no (control) or 0.1 UM GA3. Two h before the end of incubation time 100 ,Ci [3HJuridine (10.5 Ci/mmol) was added. During the incubation periods the sterile medium was changed several times and aerated with sterile air.
Extraction of Total RNA. Total RNA was extracted using the phenol method of Kirby (23) as modified by Cherry and Chroboczek (6) . The isolated RNA was centrifuged in continuous 5 to 20% sucrose gradients in 10 mm acetate buffer (pH 6.0), 0.1 M NaCL and 5 mM EDTA) at 23,000 rpm for 16 h in a SW 40 Ti rotor (Beckman L5-65).
Isolation of Ribosomes. Polyribosomes from potato tuber slices were isolated according to the method of Davies et al. (10) with some modifications. Twenty to 30 g of slices after different incubation periods were brought to 2 C and ground in a mortar with 20 mr KCl, 10 mM MgCl2, and 5 mm 2-MCE) and centrifuged for 3 h at 30,000 rpm (SW 40 Ti rotor, Beckman L5-65). The ribosomal pellet was resuspended in buffer as above and applied to an exponential 10 to 48% sucrose gradient (in 20 mm Tris-HCl [pH 8.51, 10 mm MgCI2, 20 mm KCI, 5 mm 2-MCE) and centrifuged at 32,000 rpm (Beckman L5-65, SW 40 Ti rotor) for 1.5 h. After centrifugation, the contents of the tubes were fractionated in an ISCO model 640 fractionator (A254 nm) and the O.D. of the effluent monitored with an ISCO UA-5 absorbance monitor.
Dissociation of Ribosomes into Subunits. The ribosomal pellet was dissolved in I ml TKE buffer (10 mm RESULTS AND DISCUSSION Effect of GA3 on RNA Synthesis of Wounded Potato Tuber Tissue. Gibberellins occur naturally in white potato tuber tissue (3, 31) and wounding drastically influences their rate of synthesis (4, 27) . These hormones, if applied exogenously, stimulate the wound-induced nucleic acid synthesis at an optimal concentration of 0.1 mm (8). These facts suggest that GA3 interferes somehow with wound-induced nucleic acid synthesis and possibly plays a regulatory role in the regeneration of injured potato tuber tissue.
Actually, the hormone accelerates in vivo RNA synthesis of the injured tissues, the optimal concentration being 0.1 ,UM. All other concentrations were less effective (10 ,UM, ,UM, 10 nm, and 1 nm GA3 each stimulates only about 20 to 50%o that of 0.1 UM). This is in agreement with many reports from other plant systems (12, 38, 40, 41) .
The responsiveness of the tissue toward exogenously added GA3 develops in a time-specific fashion. Although freshly wounded tissue evidently is not able to respond to the hormone, it gains this capability after about 6 h ( Fig. 1 ). Optimal response about 18 to 24 h after the injury is followed by a decline of responsiveness, which is possibly brought about by high endogenous levels of phytohormones generally. The apparent lag period during the first few hours may be due to activation or synthesis of a specific receptor or time-consuming intermediary reactions between the primary action of the hormone and RNA synthesis. Although this "primary action" is not known yet, some authors suggest that it takes place at the membrane level (26, 42) . The time-dependent development of responsiveness of a given tissue toward GA3 evidently is a widespread phenomenon (12, 35, 38, 40, 41) .
If total RNA is extracted from control or GA3-treated tissues by conventional phenol procedures and fractionated in a linear 5 to 20%o sucrose gradient, then traces of optical density and pattems of incorporation of [3HJuridine are obtained as depicted in Tissues. White potato tuber tissue (16) , as other resting plant storage tissues (24, 32, 37) , usually contains only monoribosomes, which is documented by electron microscopic work as well as biochemical investigations which stress the quiescent state of these tissues. Shortly after wounding these monosomes are aggregated into polyribosome complexes. This process is probably dependent on the de novo synthesis of mRNA, as is suggested by the rate of incorporation of radioactive precursors into polysomes during the a Specific activities are expressed as cpm/unit E300. first 2 h after wounding sugar beet root (37) and Jerusalem artichoke tuber tissue (5) . Later on, radioactivity is progressively incorporated into rRNA, also (5, 16, 37) . Whereas GA3 has no effect in freshly wounded tuber tissue, it strikingly affects the incorporation of uridine into polysomes of tissue after 18 h of wound healing (Fig. 3) . The light portion of the polyribosomes from hormone-treated tissues exhibits about 20 to 40%, the heavy polyribosomes about 200% more incorporated radioactivity as compared to the controls (Table I) . Since the O.D. profiles of polyribosomes from hormone-treated tissues, especially in the heavy polysome region of sucrose density gradients, are also more pronounced than in appropriate controls, it can be concluded that the hormone accelerates polyribosome formation.
Ribosomal Subunits and RNA Released from Polyribosomes. Dissociation of isolated polyribosomes from wounded as well as wounded and hormone-treated potato tuber tissues into subunits and subsequent sucrose density gradient centrifugation revealed that incorporation of labeled RNA precursors into both 40S and 60S subunits as well as 4S/5S RNA is significantly higher in GA3treated cells ( Fig. 4 and Table I ). This holds true also for the polydisperse RNA, which in sucrose density gradients sediments between the 4S/5S RNA and the 40S subunits.
If the RNAs are extracted from polyribosomes and fractionated in linear 5 to 20%o sucrose gradients (16) , sedimentation profiles as well as incorporation patterns of [3Hluridine obtained are similar to those previously reported (16) . Again, it is quite evident that GA3 stimulates the synthesis of both rRNAs, tRNA, and 5S RNA ( Fig. 5 and Table I ). A fraction sedimenting between 18S rRNA and 5S RNA shows highest specific radioactivity, indicating rapid synthesis of the particular kinds of RNAs in it, among which mRNA species can be found (13, 14, 17, 38) . The GA3-induced stimulation of the synthesis of 18S and 25S rRNA as well as tRNAs and their methylation (15) and the increase in mRNA content altogether lead to enhanced polyribosome formation (13, 14, 28) and subsequent intense synthesis of structural and catalytic proteins (29) .
Consequences of Gibbereilic Acid Action in Wounded Plant
Storage Tissues. One of the earliest consequences of wounding a plant system, ie. a plant storage tissue model system, is a perturbation ofthe cellular membranes with consequent rearrangements. Side by side unblocking processes (ie. the rapid switch-on of the Krebs cycle) and the massive activation of previously blocked genes with subsequent synthesis of various species of RNA, their transport into the cytoplasm and the synthesis ofdifferent proteins ensue (18, 19) . This activation process leads to a conditioned cell The present results clearly show that the synthesis of different RNA species and consequently the polyribosome formation are under control of GA3. The hormone is recognized by wounded tissue in a time-specific way, the signal is somehow transferred to the genome, and triggers the activation of gene transcription (39) . It cannot be simple activation, since there is a qualitative change in the RNA population of a hormone-treated cell: indication of the read-out of previously blocked genes. Concomitantly, the number of nonhistone chromosomal proteins increases and again, the quality of these compounds alters drastically under the hormonal influence. After GA3 treatment the nonhistone chromosomal proteins are potent gene activators, whereas before they were not (29) . Activation of genetic activity by an as yet unknown mechanism then is a major event after wounding and the present results suggest a regulatory role of GA3 in this process.
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